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Abstract
Aim: Gender differences in serum folate concentrations are well known, but no studies
have investigated the association between serum folate levels and schizophrenia based
on gender. In this study in a Japanese population, we examined the difference in serum
folate levels between patients with schizophrenia and non‐psychiatric controls stratified
by gender. The relationships between serum folate levels, plasma total homocysteine
(tHcy) and serum vitamin B6 (pyridoxal) levels were also examined using data from our
previous studies.
Methods: The serum folate concentrations of 482 patients diagnosed with schizophrenia
and 1,350 non‐psychiatric control subjects were measured. We conducted an analysis of
covariance to examine the differences in serum folate levels between the two groups
based on gender. Spearman’s rank correlation was used to evaluate the relationships
between folate, tHcy and vitamin B6 levels.
Results: In the control group, serum folate concentrations were higher in women than
in men. Lower levels of serum folate were observed in both male and female patients
with schizophrenia. An inverse correlation between serum folate and plasma tHcy and a
weak positive correlation between serum folate and vitamin B6 were observed in the
combined cohort.
Conclusion: Our findings suggest that (1) a low serum folate level may be associated with
schizophrenia regardless of gender, and (2) folate administration may be beneficial for
the treatment of schizophrenia. In schizophrenic patients with low serum folate levels,
folate administration might result in improvements in high tHcy and an increase in low
vitamin B6 levels.
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Introduction
Growing evidence relating to the pathophysiology of schizophrenia indicates a potential
effect of altered one‐carbon metabolism, including epigenetic dysregulation.1‐10 Folate
and related B‐vitamins are involved in one‐carbon metabolism and in the production of
S‐adenosylmethionine, a universal methyl donor required for various reactions including
the production of neurotransmitters.11
To date, several studies have investigated the relationship between blood folate levels
and schizophrenia. Some studies have shown lower folate levels in patients with
schizophrenia compared with controls,12‐20 whereas others did not observe such
differences.21‐26 Recent meta‐analyses have demonstrated decreased blood folate levels
in schizophrenic patients in the group where all samples were pooled, as well as in the
Asian population subgroup.27,28 A recent large‐scale cohort study described low serum
concentrations of folate in men compared with women.29 However, no association
studies to examine the relationship between serum folate levels and schizophrenia by
gender have been conducted.
The objective of the current study was to determine whether there was a significant
difference in serum folate levels between patients with schizophrenia and non‐
psychiatric controls, stratified by gender, in a Japanese population. We also examined
the relationships between serum folate levels, plasma total homocysteine (tHcy) and
serum vitamin B6 (pyridoxal) levels using data of common participants from our previous
studies.4,9
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Methods
Participants
A total of 482 patients with schizophrenia (282 men, mean age 58.5 ± 9.9 years; 200
women, mean age 59.6 ± 10.5 years) were recruited from Tokushima University Hospital,
Japan and its related psychiatric hospitals. Schizophrenia was diagnosed by at least two
expert psychiatrists based on the DSM‐IV criteria, extensive clinical interviews with the
patients and a review of their medical records. Most of the patients were hospitalized
and treated with various antipsychotic drugs. The median chlorpromazine equivalent
dose was 550 mg/day (0 ‐ 3,450 mg/day). For the control group, a total of 1,350 healthy
individuals (443 men, mean age 38.3 ± 11.8 years; 907 women, mean age 43.0 ± 11.8
years) were recruited from hospital staff, students, and company employees, without
structured interviews. A portion of the participants in the present study overlapped with
those from our previous studies.4,9 The current study was approved by the Ethics
Committee of Tokushima University Hospital, and all enrolled participants provided their
written informed consent. The study was conducted in accordance with the Declaration
of Helsinki.

Measurement of serum folate concentrations
Non‐fasting serum folate levels were measured by a chemiluminescent enzyme
immunoassay (CLEIA) at SRL Laboratory (Tokyo, Japan) using an Access folate assay kit
(Beckman Coulter, CA, USA). Serum folate concentration was measurable from 4.0 ng/ml
to 20.0 ng/ml.

Statistical analysis
The demographic differences in age between schizophrenic patients and controls were
compared using Welch's t‐tests. The gender differences between patients and controls
were compared using chi‐squared tests. Folate concentration data were natural log‐
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transformed before the analysis because the raw serum folate concentration values did
not follow a Gaussian distribution. When we compared the patient and control groups,
a separate analysis of covariance was conducted by gender after adjusting for age. We
used Spearman's rank correlation to examine the relationships between folate, tHcy and
vitamin B6 levels. Statistical analyses were performed with R software (ver. 3.5.1), with
the threshold for statistical significance at p=0.05.
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Results
Demographic characteristics of participants
In the total population of 1,832 participants, the serum folate levels of 7 patients and 15
controls exceeded the upper limit of detection (>20.0 ng/ml). These samples were
excluded from further analyses. The demographic characteristics of the 475 patients and
1,335 controls are presented in Table 1. Mean folate levels of the patient and control
groups were 3.95 ± 2.17 (mean ± standard deviation) and 5.87 ± 2.69 ng/mL, respectively.
There were significant differences in age and gender between the two groups (p < 0.05).
The mean age of the patient and control groups were 58.9 ± 10.2 and 41.5 ± 12.0 years,
respectively. The male:female ratios of the patient and control groups were 1.44 and
0.49, respectively.

Differences in serum folate levels between the patient and control groups by gender
Firstly, we examined the differences in the natural log‐transformed serum folate levels
and identified gender differences in these levels in the control group (p=1.6 × 10‐8).
However, in the patient group, no significant gender differences were observed
(p=0.087) (Fig. 1).
We then conducted a stratified analysis to separately examine the differences in natural
log‐transformed serum folate levels between the patient and control groups by gender.
An analysis of covariance showed significantly lower serum folate levels in the patient
group compared with the controls in both male and female cohorts (F(1, 716)=140.6,
p=9.6 × 10‐30; F(1, 1088)=191.6, p=2.9 × 10‐40, respectively) (Fig. 2). Based on previous
study,30 the prevalence of low serum folate concentrations in male and female patients
according to the 10th percentile was 36.8% and 49.2%, respectively.

Relationship between folate, tHcy and vitamin B6 in blood
We examined the relationship between serum folate levels and plasma tHcy, and the
relationship between serum folate and vitamin B6 levels using data of the 1,155 common
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participants from our previous studies.4,9 The demographic characteristics of the 339
patients and 816 controls are presented in Table 2. In the 339 patients, the prevalence
of low serum folate concentrations in male and female patients according to the control
10th percentile was 41.2% and 51.9%, respectively. The prevalence of high plasma tHcy
concentrations in male and female patients according to the control 90th percentile was
34.8% and 34.1%, respectively. The prevalence of low serum vitamin B6 concentrations
in male and female patients according to the control 10th percentile was 71.1% and
42.2%, respectively.
Examination of the correlation between the natural log‐transformed serum folate and
the natural log‐transformed plasma tHcy levels revealed a significant inverse correlation
between these levels in both the schizophrenic patients and the control group as well as
in the combined cohort (r=−0.47, p=4.1×10‐20; r=−0.36, p=6.2×10‐27; r=‐0.51, p=5.7×10‐
79

, respectively) (Fig. 3A). When we examined the correlation between the natural log‐

transformed serum folate and the natural log‐transformed serum vitamin B6 levels,
there was a significant weak positive correlation between these levels in the control
group and in the combined cohort (r = 0.096, p = 6.0 × 10‐3; r = 0.28, p = 8.8 × 10‐23,
respectively). In schizophrenic patients, no significant correlation was demonstrated (r =
0.027, p = 0.62) (Fig. 3B).
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Discussion
Our study demonstrated that serum folate concentrations are higher in women than in
men in this Japanese cohort of non‐psychiatric subjects. These results were consistent
with the results of a large population‐based cross‐sectional study conducted in Israe.29
The findings suggest that different gender cut‐off values may be required when defining
low serum folate levels in patients.
Because we observed a gender difference in the serum folate concentrations of the
control group, we also conducted an analysis of covariance by gender. The results
demonstrated significantly lower levels of serum folate in the schizophrenia group
compared with the control group in both male and female cohorts. These findings
suggest that decreased serum folate levels may be a risk factor for schizophrenia in the
Japanese population, regardless of gender. We previously demonstrated increased
plasma tHcy and decreased serum vitamin B6 levels in schizophrenia. 4,9 Folate deficiency
might be associated with schizophrenia by acting either through hyperhomocysteinemia
and/or homocysteine‐independent effects on neuronal progenitor division and/or
altered one‐carbon metabolism.2 Two recent meta‐analyses described lower peripheral
blood levels of folate in schizophrenia.27,28 Wang and colleagues conducted a meta‐
analysis of 26 serum studies (1,773 cases and 1,930 controls) and observed decreased
serum folate levels in patients with schizophrenia.28 In their subgroup analyses, they also
observed decreased serum folate levels in patients with schizophrenia, before as well as
after drugs.28 Examination of the effect of antipsychotic drugs on serum folate levels in
our present study revealed a weak inverse relationship between the equivalent dose of
antipsychotics and the natural log‐transformed serum folate levels (r=−0.12, p=5.7×10‐
3

). Moreover, folate levels in serum were negatively correlated in the schizophrenia

group treated with high therapeutic doses of chlorpromazine equivalents (>400
mg/day).23
We examined the relationship between serum folate levels, plasma tHcy, and serum
vitamin B6 levels. Two studies showed a negative correlation between serum folate and
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tHcy concentrations in the control group as well as in the schizophrenia group.17,30 Two
other studies also showed a negative correlation between serum folate and tHcy
concentrations in their schizophrenic patient cohorts.14,31 However, two additional
studies reported no correlations between serum folate and tHcy concentrations in a
small series of schizophrenic patients.15,16 Research on the relationship between serum
folate and vitamin B6 concentrations includes one study reporting a positive correlation
between serum folate and pyridoxal ‐5`‐phosphate (PLP) values in both the
schizophrenia group and in the control group.30 However, in our study we observed a
positive correlation only in the control group. This discrepancy may be due to the
different forms of vitamin B6 (PLP vs. pyridoxal) and/or the small sample size of our
patient cohort in examinations of the correlation between serum folate and vitamin B6
(10,765 samples will be needed to prove with r=0.027 and Power=0.8) and/or dietary
patterns of patients.32,33
Our findings of decreased folate levels in patients with schizophrenia and the
correlations between folate and tHcy, and folate and vitamin B6 in the combined cohort
suggest that folate administration may be beneficial in the treatment of patients with
schizophrenia. Folate administration increased low folate levels, resulting in
improvements in high tHcy and low vitamin B6 levels. A meta‐analysis of double‐blind,
placebo‐controlled,

randomized

clinical

trials

suggested

that

antipsychotics

supplemented with folate, folic acid, methylfolate, or folinic acid (pooled data) improved
negative symptoms in schizophrenia.34 Furthermore, Roffman and colleagues
demonstrated that patients with schizophrenia receiving L‐methylfolate exhibited
convergent changes in ventromedical prefrontal physiology, altered limbic connectivity
and increased cortical thickness as well as clinical improvements, including negative
symptoms, in the randomized clinical trial.35 Wang and colleagues recently reported that
the degree of serum tHcy associated with long‐term folic acid supplementation can be
influenced by gender, methylenetetrahydrofolate reductase (MTHFR) C677T genotypes,
baseline folate, tHcy, estimated glomerular filtration rate (eGFR), and smoking.36 Further
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studies should consider these factors when evaluating the therapeutic effect of folate
supplementation in patients with schizophrenia.
The study has several limitations. We did not conduct general laboratory tests to
exclude the participants with physical complications. We did not consider nutritional
intake and food effects of participants because of a lack of data. We did not examine the
relationship between serum folate levels and clinical symptoms as psychological
symptoms were not evaluated at the time of blood collection. In addition, most of our
patients were chronic hospitalized patients who were treated with antipsychotic drugs.
Furthermore, this was a cross‐sectional study, and the causal relationship between
serum folate levels and schizophrenia was therefore not clarified. Finally, low serum
folate levels have been observed in patients with depression and bipolar as well as
schizophrenia.37,38

Conclusion
We observed decreased serum folate levels in patients with schizophrenia based on
gender in a Japanese population. Significant correlations between blood folate, tHcy and
vitamin B6 concentrations were observed in the combined samples. These findings
provide further insights into the pathology and treatment of schizophrenia related to
one‐carbon metabolism.
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Figure legends
Table 1.
Demographic characteristics of participants with measurable folate levels
SD = standard deviation; CP = chlorpromazine equivalents.

Table 2.
Demographic characteristics of participants with folate, tHcy, and pyridoxal data
SD = standard deviation; tHcy = total homocysteine.

Figure 1.
Gender differences in serum folate levels in the control and schizophrenic groups
Y‐axis is the natural log‐transformed serum folate value.
Left side is the control group, and right side is the schizophrenic group.
*** p ≤ .001.

Figure 2.
Differences in serum folate levels between the schizophrenic and control groups
Y‐axis is the natural log‐transformed serum folate value.
Left side is the male cohort, and right side is the female cohort.
*** p ≤ .001.

Figure 3.
(A) Correlation between serum folate levels and total plasma tHcy levels
Y‐axis is the natural log‐transformed serum folate value, and X‐axis is the natural log‐
transformed total plasma tHcy value. The value of r represents Spearman's rank
correlation coefficient.
(B) Correlation between serum folate levels and serum vitamin B6 levels
Y‐axis is the natural log‐transformed serum folate value, and X‐axis is the natural log‐
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transformed serum pyridoxal value. The value of r represents Spearman's rank
correlation coefficient.
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N

mean age (SD)

mean folate(SD) ng/mL

median CP (min-max)

475

58.9 (10.2)

3.95 (2.17)

550 (0-3450)

- male

280

58.5 (9.9)

3.83 (2.05)

600 (0-3450)

- female

195

59.4 (10.6)

4.12 (2.33)

550 (0-3365)

1335

41.5 (12.0)

5.87 (2.69)

-

- male

439

38.4 (11.8)

5.41 (2.71)

-

- female

896

43.0 (11.8)

6.09 (2.66)

-

schizophrenia

healthy control

total

1810

Table 1.
Demographic characteristics of participants with measurable folate levels
SD = standard deviation; CP = chlorpromazine equivalents.

N

mean age (SD)

mean folate(SD) ng/mL

schizophrenia

339

58.5 (9.5)

3.67 (2.01)

healthy control

816

41.4 (12.3)

5.38 (2.29)

total

1155

Table 2.
Demographic characteristics of participants with folate, tHcy, and pyri
SD = standard deviation; tHcy = total homocysteine.

mean tHcy(SD) nmol/mL

mean pyridoxal(SD) ng/mL

18.86 (12.92)

6.88 (9.52)

11.99 (4.81)

13.16 (13.87)

idoxal data

